This paper presents the results of research relating to the vegetation of the Kulawa River valley and its flow lakes -Głuche Duże, Głuche Małe, and Sieczonek.
INTRODUCTION
The River Kulawa, a left-hand tributary of the Zbrzyca River, flows, over a 7 km section, within a narrow, subglacial valley in the western part of the Zaborski Landscape Park. The hydrological system of this valley includes three flow-through lakes: Great Głuche and Small Głuche and Lake Sieczonek. The river valley cuts deeply (about 30 m) into the Brda River outwash sand and is characterized by the occurrence of lacustrine chalk deposits (Jutrowska 2003; Wiśniewski and Nowicka 2003) . The natural amenities of the river and its valley mean that this area is to become a nature reserve (at present this is under preparation; Boiński 1988) . The river waters were surveyed and monitored by the Regional Inspectorate for Environmental Protection in Bydgoszcz in 1986 Bydgoszcz in , 1991 Bydgoszcz in , and in 1995 Bydgoszcz in -1998 . They were classified as second class purity for river waters. These measurements by the RIWP showed that the Kulawa River is characterized by a very high, even flow (60-70 dm³ s -1 km -²), which indicates there is an intense underground supply (Jutrowska 2003) .
When examining the vegetation cover of the Kulawa River valley, attention was paid to lake eutrophication, which progressed in severity from Lake Głuche Duże to Lake Sieczonek. Taking into consideration river water purity, its intense alimentation, and a lack of any clear anthropogenic impact, water basin eutrophication, estimated on the basis of macrophytes found in the water and water transparency, appeared to be too high. This suggested a significant inflow, at least temporary, of nutrients accumulated in the lakes. The aim of this paper is to present the natural amenities of the valleys of small Pomeranian rivers, based on the example of the Kulawa River. In addition, it presents sources of hazard and some problems connected with environmental protection.
The Kulawa headwaters are located in the vicinity of the Bukówki forest ranger lodge within a water-head peat bog, crossed by a network of brooklets that combine into a small lake. Out of this water body, a stream flows that connects two fishing ponds and then, after an artificial division into two currents, this flows into Lake Głuche Duże (area 45 ha, average depth 8.0 m). The next section of the river flows through a wet riverine forest with numerous water-head areas and then flows into Lake Głuche Małe (area 12 ha, average depth 4.9 m). It flows out of the lake as wide broads, which have developed because of the damming of the river with a weir installed at the edge of a bridge. From this point, the river is contained in a partly deepened river-bed, and there are traces of old agricultural drainage facilities in the valley for the irrigation of three meadow complexes. The terminal section of the river flows first into Lake Sieczonek, and next, about 100 m downstream, into the Zbrzyca River in the vicinity of the area known as Laska (Fig. 1) . The river valley within the range of the topographic drainage catchment takes up an area of 
B. Prajs, W. Antkowiak
Copyright© by Institute of Oceanography, University of Gdańsk, Poland 132 about 1180 ha. The drainage catchment area is forested (forests constitute over 80% of the area) and has a relatively low population -there are only four residential buildings, together with farm buildings, and a large group of summer recreation houses on the northern shore of Lake Głuche Duże. A dirt road runs along the right riverside, and four other roads, including a local, asphaltsurfaced one, run across the valley.
MATERIALS AND METHODS
The field work was carried out from May to August 2006. It covered the flora and plant communities of the immediate drainage catchment area of the Kulawa River. Particular attention was paid to the condition of populations of rare, protected, and endangered species linked to the valley hydrogenic habitats. Attention was also paid to thermocalciphilous species occurring on the valley slopes. Because of observed transformations of vegetation cover, an attempt was made to determine anthropogenic effects -point polluters and surface washings from built-up areas and roads, angling stands, ponds, tourist pressure, surface flows, arable and forest use, draining, and similar factors that can affect both water condition and, in consequence, the nature of this area. The area of the valley is divided into three zones on the basis of anthropogenic factors. In order to show their intensity, a subjective scale was adopted, where x denotes a single homestead, xx -a homestead and periodically used caravans, and xxx -a homestead, holiday cottages, and caravans.
At the end of July, control water sample collection was carried out at six points on the river (Fig. 1) . The samples were analyzed with respect to selected hydrochemical parameters that determine water trophic state -phosphates, total phosphorus, nitrogen, nitrate nitrogen, ammonium nitrogen, and dissolved oxygen. Water transparency was measured using a Secchi disc.
RESULTS
In this morphologically very variegated river valley, extreme habitats (in respect of their edaphic and microclimatic conditions) adjoin each other. This is reflected in the great diversity of vegetation cover in this area. Despite the short research period, 432 plant species were noted in the Kulawa valley, including 26 protected species, five species found in the Polish Red Book of Plants, two species covered by the Bern Convention, and three species covered by the Habitats Directive. The occurrence of 35 plant associations and ten plant communities was noted, including ten plant associations protected by the Habitats Directive. Two of them, i.e., calcareous fens and alluvial forest, are categorized as priority associations and/or communities (Regulation of the The natural aspects of the valley are wholly connected with the river itself. The river is supplied by numerous underground water seepages. The vegetation of the water-head habitats is most interesting with respect to the ecological and floristic elements of Pomeranian plant cover. For example, in the alluvial forest between Lake Głuche Duże and Lake Głuche Małe, a plant community with Equisetum telmateia was found. This is an example of a piedmont marshy meadow. Also numerous morasses are overgrown by plant communities from the Montio-Cardaminetea class. Within the river current, patches of RanunculoSietum erecto-submersi, and plant communities with Potamogeton alpinus and (rarely) Elodeetum canadensis were found.
The lakes are characterized by the occurrence of macrophytes and plant associations connected with eutrophic water bodies. Lake Głuche Duże is surrounded by a belt of plant communities, within which the following predominate: Equisetetum fluviatilis, Phragmitetum australis, Scirpetum lacustris, and Typhetum angustifoliae. In deep water, patches of Potametum lucentis, Hydrocharo-Stratiotetum, Potametum natantis, and NupharoNymphaeetum albae were found. However, they do not take up very large areas and are mostly located in shallows by the northern and the southern shore. The water transparency (measured with a Secchi disc) was 2.5 m in July 2006.
In Lake Głuche Małe, the bottom within the euphotic zone is mass-covered by patches of Elodeetum canadensis, Ceratophylletum demersi, and Potametum pectinati. The broad rush zone is mostly comprized of Phragmitetum australis, Glycerietum maximae, and Typhetum angustifoliae. In many areas of deep water by the northern shore and in the broads at the southern shore, the water surface is covered by Nupharo-Nymphaeetum albae. It is worth noting that Chara vulgaris occurs occasionally, which might indicate that this lake was colonized in the past by algae that have now almost completely disappeared. Water transparency, measured with a Secchi disc, was 1.5 m, and its level decreased by about 30 cm in the period from spring to July 2006. Lake Sieczonek is a small, very shallow water body that is almost completely overgrown by patches of Potametum natantis and NupharoNymphaetum albae, along with Hydrocharo-Stratiotetum, Ceratophylletum demersi, and Elodeetum canadensis. In the littoral zone, a mosaic of rush communities of a significant width has developed. The level of water surface decreased by about 1 m in comparison with the level in the spring time.
In many places within the valley, the vegetation has been transformed considerably. In particular, this refers to hydrogenic habitats -alluvial forests, meadows, and certain peat bogs. A distinct lowering of ground water level has brought about a degradation of these ecosystems because of over-drying; intensive development of aquatic vegetation in Lake Głuche Małe and Lake Sieczonek is the result of the accelerated eutrophication processes.
Despite the fact that poor management of the valley might indicate the minor effect of anthropogenic stress on water eutrophication, the results of measurements of nutrients showed that the river waters are characterized by an increased level of phosphorus and oxygen deficit, which means that according to water purity classification standards, these waters cannot be designated as either purity class 1 or 2 (Table 1) . At one measurement point on the northern shore of Lake Głuche Duże (downstream from fishing ponds and in the vicinity of the recreational summer houses), the phosphorus content of the water reached an above-average value of 0.43 mg l -1 , while in the Kulawa River outlet from the lake this level was similar to that measured in the vicinity of its headwaters. This lake is of great importance with regard to nutrient accumulation. Although a single water inspection does not make it possible to evaluate constant trends in the increase of its trophic state, it is, however, an indication that, at least periodically, there is a large inflow of phosphorus compounds, which are recognized as the chief factor in water eutrophication (Chełmicki 2002) .
Because of an intensification of anthropogenic factors, which affect the natural amenities of the river and its valley in a markedly negative way, the examined area was divided into three zones ( Table 2 ). The first zone (I) included the section from the headwaters to Lake Głuche Duże; the second zone (II) was made up of the section from Lake Głuche Duże to a bridge to the south of Lake Głuche Małe; and the third (III) ran from that bridge to the outlet to Lake Sieczonek (Lake 2).
Table1
Level of nutrients and oxygen in the water at six points in the Kulawa River. 
DISCUSSION AND CONCLUSIONS
In the catchment of the Kulawa River there are no other watercourses and all the main sources of contamination are located in its valley. The effects of anthropogenic stress, even of a relatively low intensity at individual sites in this catchment area, that spread over time or occur incidentally, cumulate (Poleszczuk et al. 2005) and overlap with natural processes, i.e., lower underground water level and the climatic changes observed in recent years. This is manifested in the state of the vegetation throughout the valley, especially the intensive development of plants connected with eutrophic water bodies. At the same time, this confirms the high value of macrophytes as bioindicators of the state of the aquatic environment (Szoszkiewicz 2004) . It is very difficult to document the effect of anthropogenic stress on the rate and range of eutrophication occurring within the forest sites of the Kulawa valley, because of the short observation period of the present research project and the lack of detailed comparative data. However, it seems plausible that the environment of this river is free from anthropogenic pressure (Jutrowska 2003) . The very large areas of communities of vegetation submerged in Lake Głuche Małe and the presence of nympheids in Lake Sieczonek indicate high amounts of nutrients in the water. This is confirmed by the results of hydrochemical measurements. For instance, a high phosphorus level in the water of the river at its mouth to Lake Głuche may suggest the discharge of phosphorus compounds, the main sources of which are detergents, from the Bukówka forest rangers lodge. The intense overgrowing of the two smaller lakes, Głuche Małe and Sieczonek, indicates that the Kulawa River carries eutrophic elements, primarily phosphorus, to the water bodies located on its course, accelerating their shallowing. In this type of hydrological system, they play the role of nutrient sedimentation tanks (Gołdyn 2000) . At the same time, it needs to be remembered that phosphorus deposition in lacustrine sediments may be only periodical. Under anaerobic conditions, in shallow water bodies, overgrown with macrophytes, this element is released from the bottom deposits and eutrophication is accelerated (Granelli and Solander 1988, Kairesalto and Matilainen 1994 ).
There is a high level of water flow in the Kulawa River (Nowicka 2003) , hindering the inhabitation of the lake bottom by most macrophyte species. One of the factors affecting their occurrence on a mass scale in Lake Głuche Małe may also be the inhibition of water exchange as a result of water damming by a weir.
On the basis of the research carried out on the Kulawa River it can be stated that a monitoring program limited solely to river waters yields a highly insufficient picture of the processes occurring within the entire catchment. For this reason, protective actions should be preceded by an environmental quality assessment encompassing the entire valley environment, and its methods should be adapted to individual ecosystems (Herbich and Górski 1993) . In the case of the Kulawa River, it is planned to rebuild land reclamation structures and to clear the irrigation ditch system, which should have a positive effect on water retention in the soil, and at least partly abate the effects of overdrying on meadow and peatbog ecosystems.
